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Abstract
(QYLURQPHQWDOREMHFWLYHVHJHQHUJ\DQGUHVRXUFHGHPDQGHPLVVLRQVZDVWHEHFRPHLQFUHDVLQJO\UHOHYDQWIRUPDQXIDFWXULQJFRPSDQLHVLQ
DGGLWLRQWRWUDGLWLRQDOHFRQRPLFREMHFWLYHVHJWKURXJKSXWWLPHRXWSXW&XUUHQWO\GLIIHUHQWPHWKRGVDQGWRROVDUHDYDLODEOHWRDGGUHVVWKRVH
REMHFWLYHV LQGLYLGXDOO\ VXFK DV YDOXH VWUHDP PDSSLQJ HFRQRPLF PDWHULDO DQG HQHUJ\ IORZ DQDO\VLV0()$ DV ZHOO DV /LIH &\FOH
$VVHVVPHQW/&$HQYLURQPHQWDO+RZHYHUWKHUHLVDODFNRQDSSURDFKHVWKDWEULQJWRJHWKHUEHQHILWVRIWKRVHWRROVDQGDOORZVLPXOWDQHRXV
FRQVLGHUDWLRQ RI DOO REMHFWLYHV $JDLQVW WKLV EDFNJURXQG D PHWKRGRORJ\ LV GHYHORSHG WR DQDO\VHV WKH HQHUJ\ PDWHULDO DQG WLPH IORZV RI
PDQXIDFWXULQJV\VWHPVLQDQLQWHJUDWHGPDQQHU7KHSURSRVHGPHWKRGLVH[HPSODU\DSSOLHGWRWKHFDVHRIDQ$XVWUDOLDQPDQXIDFWXULQJFRPSDQ\

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKHVFLHQWLILFFRPPLWWHHRIWKHVFLHQWLILFFRPPLWWHHRIWKHUG&,53&RQIHUHQFHRQ/LIH&\FOH
(QJLQHHULQJ
.H\ZRUGV(QHUJ\DQG0DWHULDO)ORZ$QDO\VLV9DOXH6WUHDP0DSSLQJ0DQXIDFWXULQJ6\VWHPV,QWHJUDWHG$SSURDFK

1. Introduction
7KH HFRQRPLF DV ZHOO DV HQYLURQPHQWDO SHUIRUPDQFH RI
PDQXIDFWXULQJFRPSDQLHVLVVWURQJO\GHWHUPLQHGE\PDWHULDO
HQHUJ\DQGWLPHUHODWHGYDULDEOHV0DQXIDFWXULQJ³WUDQVIRUPV
UDZ DQG DX[LOLDU\ PDWHULDO LQSXWV LQWR SURGXFWV DQG ZDVWHV
XVLQJHQHUJ\LQSXWV´>@VRPDWHULDODQGHQHUJ\FRQVXPSWLRQ
DUH LQHYLWDEOH SURGXFWLRQ IDFWRUV WKDW KDYH GLUHFW FRVW DQG
HQYLURQPHQWDO LPSDFW ,Q WKH PDQXIDFWXULQJ VHFWRU PDWHULDO
FRVWVDUHW\SLFDOO\WKHKLJKHVWFRVWSRUWLRQZLWKDVKDUHRIDERXW
 RQ WRWDO FRVWV GHSHQGLQJ RQ WKH LQGXVWULDO VHFWRU
(QHUJ\FRVWVDUHLQDUDQJHRI>@%HVLGHVFRVWVDQG
TXDOLW\ WLPH LV WKH WKLUG PDLQ REMHFWLYH GLPHQVLRQ RI
PDQXIDFWXULQJ V\VWHPV >@ ,W LV UHIOHFWHG LQ GLIIHUHQW NH\
SHUIRUPDQFH LQGLFDWRUV VXFK DV WKURXJKSXWOHDG WLPH RXWSXW
UDWHRUWKHXWLOL]DWLRQRIPDFKLQHVDQGODERU
)LJXUH  VKRZV WKH VWURQJ LQWHUDFWLRQV EHWZHHQ PDWHULDO
HQHUJ\DQGWLPHLQUHODWLRQWRWKHHFRQRPLFDQGHQYLURQPHQWDO
LPSDFWRIDPDQXIDFWXULQJFRPSDQ\7KHFRQQHFWLRQRIHQHUJ\
DQG WLPH LV JLYHQ SHU GHILQLWLRQ VLQFH HQHUJ\ GHPDQG HJ
HOHFWULFDOHQHUJ\LQN:KLVDIXQFWLRQRIHQHUJ\GHPDQGUDWH
HJ HOHFWULFDO SRZHU LQ N: DQG WLPH 0DWHULDOV GLIIHU
UHJDUGLQJ WKHQHFHVVDU\HQHUJ\IRU WKHLUSURGXFWLRQDQG WKHLU
SURSHUWLHVDOVRLQIOXHQFHWKHHQHUJ\GHPDQGRIODWHUSURGXFWLRQ
VWHSV0DWHULDODQGWLPHDUHUHODWHGWKURXJKWUDGHRIIVEHWZHHQ
SURFHVV VHOHFWLRQ DQG SDUDPHWHUV HJ WKURXJK FRQQHFWHG
PDWHULDO HIILFLHQFLHV SURFHVVHV GLIIHU LQ WLPH DQG PDWHULDO
HIILFLHQF\HJVHSDUDWLQJYVVKDSLQJDQGUHVXOWLQJTXDOLW\
:KLOH WKRVH LQWHUGHSHQGHQFLHV H[LVW WKHUH DUH QR
DSSURSULDWH PHWKRGV DQG WRROV DYDLODEOH WKDW DOORZ DQ
DVVHVVPHQW RI PDWHULDO HQHUJ\ DQG WLPH LQ DQ LQWHJUDWLYH
PDQQHU $JDLQVW WKLV EDFNJURXQG WKLV SDSHU SUHVHQWV DQ
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DSSURDFK WKDW EXLOGV D EULGJH EHWZHHQ SXUH /&$ RULHQWHG
HQHUJ\DQGPDWHULDOIORZDVVHVVPHQWDQGWKHFRQVLGHUDWLRQRI
WLPHDVFULWLFDOPDQXIDFWXULQJREMHFWLYH
2. Theoretical Background
,QWKLVVHFWLRQQHFHVVDU\EDFNJURXQGRQH[LVWLQJPHWKRGVDQG
WRROV IRU PDWHULDO HQHUJ\ DQG WLPH UHODWHG DQDO\VLV RI
PDQXIDFWXULQJ V\VWHPV ± PDWHULDO DQG HQHUJ\ IORZ DQDO\VLV
0()$ OLIH F\FOH DVVHVVPHQW /&$ DQG H[WHQGHG YDOXH
VWUHDPPDSSLQJ960LVJLYHQ
 0DWHULDODQGHQHUJ\IORZDQDO\VLV0()$
0DWHULDO IORZ DQDO\VLV 0)$ DQG ± WKURXJK DGGLWLRQ RI
HQHUJ\IORZV±PDWHULDODQGHQHUJ\IORZDQDO\VLV0()$LVD
FRPSUHKHQVLYH DQG V\VWHPDWLF PHWKRG IRU TXDQWLI\LQJ IORZV
DQG LQYHQWRULHVVWRFNV ZLWKLQ GHILQHG VSDFH DQG WLPH
ERXQGDULHV >@ ,W IRFXVHV LQSXWRXWSXW UHODWLRQV RI SURFHVVHV
DQG V\VWHPV DQG LV EDVHG RQ WKH ODZ RI WKH FRQVHUYDWLRQ RI
PDWWHULQSXWDQGRXWSXWVRIDSURFHVVRUV\VWHPQHHGWREHLQ
EDODQFH7KHJURXQGZRUNIRUDQDSSOLFDWLRQLQHFRQRPLFVZDV
ODLG E\ /HRQWLHI >@ ZKR GHYHORSHG LQSXWRXWSXW WDEOHV DV D
PHWKRGWRTXDQWLI\LQWHUUHODWLRQVKLSVZLWKLQHFRQRPLFVHFWRUV
RU VLQJOH SURGXFWLRQ V\VWHPV 0()$ VSHFLILHV PDWHULDO DQG
HQHUJ\IORZVDQGVWRFNVLQVWDQGDUGL]HGDQGGHILQHGWHUPVDQG
SUHVHQWVWKHUHVXOWVLQDPHDQLQJIXODQGUHSURGXFLEOHPDQQHU
)RUKDQGOLQJRIKXJHDPRXQWVRIGDWDDQGEHWWHUYLVXDOL]DWLRQ
HJ6DQNH\GLDJUDPVHYHUDOVRIWZDUH WRROVDUHDYDLODEOH WR
IDFLOLWDWH WKHZRUNHJ8PEHUWRIURP,)8+DPEXUJ*PE+
>@
 /LIH&\FOH$VVHVVPHQW/&$
/LIH F\FOH DVVHVVPHQW LV WKH PRVW GHWDLOHG DQG WKRURXJK
PHWKRG DYDLODEOH WR HYDOXDWH WKH HQYLURQPHQWDO LPSDFWV D
FHUWDLQSURGXFWJRRGVRUVHUYLFHVLQGXFHVRYHULWVHQWLUHOLIH
IURPUHVRXUFHH[WUDFWLRQWRGLVSRVDORUUHF\FOLQJ$VWKLVLWLV
KLJKO\LQWHJUDWHGDQGFDQEHXVHGDVSDUWRIJHQHUDOSURGXFWOLIH
F\FOHPDQDJHPHQW >@>@&RPPRQJRDOVRI DQ/&$DUH WKH
FRPSDULVRQ EHWZHHQ SURGXFWV WKH FRPSDULVRQ EHWZHHQ
GLIIHUHQW OLIH F\FOHV IRU RQH SURGXFW DQG WKH LGHQWLILFDWLRQ RI
LPSURYHPHQWRSSRUWXQLWLHVRYHUWKHOLIHRIWKHVSHFLILFSURGXFW
>@7KURXJK,621RUP/&$LVZHOOVWDQGDUGL]HGLQWR
IRXUGLIIHUHQWVWHSVJRDODQGVFRSHGHILQLWLRQHJGHILQLWLRQ
RIIXQFWLRQDOXQLWLQYHQWRU\DQDO\VLVTXDQWLI\LQJPDWHULDO
DQG HQHUJ\ IORZV RYHU OLIH F\FOH  LPSDFW DVVHVVPHQW
DVVLJQLQJ PDWHULDO DQG HQHUJ\ IORZV WR GHILQHG LPSDFW
FDWHJRULHV HJ JOREDO ZDUPLQJ SRWHQWLDO ODQG XVH UHVRXUFH
GHSOHWLRQDQG  LQWHUSUHWDWLRQ >@/&$ LVZHOO HVWDEOLVKHG
DQG XVHG LQ UHVHDUFK DQG LQGXVWULDO SUDFWLFHV )RU VXSSRUWLQJ
DSSOLFDWLRQ GHGLFDWHG VRIWZDUH WRROV IRU WKH /&$ VWXGLHV
8PEHUWR *D%L 6LPD3UR 2SHQ /&$ DQG VXSSRUWLQJ
/&,/&,$ GDWDEDVHV HJ *D%L (FR,QYHQW DUH DOUHDG\
DYDLODEOH2QHVWUHQJWKRIWKH/&$PHWKRGRORJ\LVWKHKROLVWLF
SHUVSHFWLYH RYHU WKH OLIH F\FOH WKXV SUHYHQWLQJ ZURQJ
FRQFOXVLRQV GXH WR PLVVLQJ DVSHFWV +RZHYHU WKUHH PDMRU
FKDOOHQJHVIRUDSSOLFDWLRQDUHW\SLFDOO\PHQWLRQHG)LUVW/&$V
DUHYHU\GDWDLQWHQVLYHDQGPLVVLQJDQGRUHVWLPDWHGGDWDFDQ
OLPLWWKHDFFXUDF\DVZHOODVOHDGLQJWRKLJKXQFHUWDLQWLHVZLWKLQ
WKHUHVXOWVRIWKHVWXG\6HFRQGHYHQZLWKLQWKHVWDQGDUGL]HG
/&$PHWKRGDVWXG\LVVWLOOEDVHGRQVHYHUDOPHWKRGRORJLFDO
SUHIHUHQFHV OLNH DOORFDWLRQV RU WLPH OLPLWV >@ 7KLUGO\ WKH
LQWHUSUHWDWLRQ ZLWK GLIIHUHQW LPSDFW FDWHJRULHV LV QRW WULYLDO
:KLOH /&$ FDQ SURYLGH WUDQVSDUHQF\ WKH GHFLVLRQ HJ LV
FOLPDWHFKDQJHPRUHLPSRUWDQWWKDQODQGXVH"QHHGVWREHGRQH
E\WKHXVHU6LQJOHLQGLFDWRUVHJ(FR,QGLFDWRUFRPELQLQJ
GLIIHUHQW LPSDFW FDWHJRULHV RU MXVW XVLQJ VHOHFWHG LPSDFW
FDWHJRULHVHJFDUERQIRRWSULQWLQJDVPHWKRGMXVWIRFXVLQJRQ
WKH *OREDO :DUPLQJ 3RWHQWLDO DUH XVHG EXW DOVR VWURQJO\
GLVFXVVHGLQOLWHUDWXUH
 9DOXH6WUHDP0DSSLQJ
9DOXH VWUHDP PDSSLQJ 960 FDQ EH GHILQHG DV D WHDP
EDVHGDSSURDFKRIDQDO\]LQJDSURFHVVIURPLWVEHJLQQLQJWRHQG
E\VSOLWWLQJ LWXS LQWR LQGLYLGXDOYDOXHDGGLQJDQGQRQYDOXH
DGGLQJVWHSVLQWKHYLHZSRLQWRIWKHFXVWRPHU,QDVHFRQGVWHS
D SODQ WR LPSURYH WKH SURFHVV LV GHYHORSHG E\ UHPRYLQJ WKH
QRQYDOXHDGGLQJ HOHPHQWV L HZDVWH DQG VWUDLJKWHQLQJ WKH
YDOXHIORZ>@,WLVWKXVFORVHO\UHODWHGWRWKHILYHSULQFLSOHV
RIOHDQDVLWVWDUWVZLWKYDOXHIRFXVHVRQWKHYDOXHVWUHDPLWVHOI
DQGIDFLOLWDWHVWKHWUDQVIHUWRZDUGVIORZSXOODQGLQWKHHQG
SHUIHFWLRQ>@
960 LV DQ HDV\ DSSOLFDEOHSDSHUDQGSHQFLO DSSURDFK DOO
JDWKHUHG LQIRUPDWLRQ LV FRPELQHG LQ D GUDZLQJ ± WKH YDOXH
VWUHDP PDS  XVLQJ VWDQGDUGL]HG V\PEROV >@ %HVLGHV WKH
PDWHULDO DQG LQIRUPDWLRQ IORZV ZLWK WKHLU SHUIRUPDQFH
FKDUDFWHULVWLFVDWLPHOLQHLVFRPPRQO\DGGHGRQWKHERWWRPRI
WKHPDSLQGLFDWLQJWKHWRWDOOHDGWLPHDQGWKHWRWDOYDOXHDGGHG
WLPHRIWKHSURFHVV>@>@$VVRFLDWHGEHQHILWVDUHDWKRURXJK
XQGHUVWDQGLQJRIWKHYDOXHJHQHUDWLRQDQGWKHOLQNVEHWZHHQWKH
SURFHVV VWHSV E\ DOO SDUWLFLSDWLQJ HPSOR\HHV DQ LPSURYHG
GHFLVLRQPDNLQJ SURFHVV WKH GHYHORSPHQW RI D FRPPRQ
ODQJXDJHDQGSRWHQWLDOO\TXLFNLPSURYHPHQWV>@
$VDPDMRUGUDZEDFN960RQO\SURYLGHVDVWDWLFSLFWXUHRI
DOLPLWHGSURGXFWUDQJH,WLVWKHUHIRUHXVXDOO\QRWDEOHWRKDQGOH
PXOWLSOH SURGXFWV RU JHQHUDO G\QDPLFV DQG XQFHUWDLQWLHV
RFFXUULQJ LQ LQGXVWULDO SUDFWLFH ZKLFK KLQGHUV FRQWLQXRXV
DSSOLFDWLRQ)XUWKHUGHYHORSPHQWVWRZDUGVPXOWLSURGXFW960
DQGFRPELQDWLRQZLWKVLPXODWLRQWHFKQLTXHVDLPWRRYHUFRPH
WKRVH LVVXHV6LQFH960LQ LWVRULJLQDO IRUPIRFXVHVRQ WLPH
)LJXUH5HODWLRQVEHWZHHQPDWHULDOHQHUJ\DQGWLPHDVSURGXFWLRQIDFWRUV
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DQG LQYHQWRU\ DV PDMRU NH\ SHUIRUPDQFH LQGLFDWRUV RWKHU
H[WHQVLRQVHJHQHUJ\YDOXHVWUHDPPDSSLQJLQFOXGHHQHUJ\
>@>@DQGSDUWO\PDWHULDOIORZV>@>@
 'LVFXVVLRQDQGUHVHDUFKGHPDQG
7DEOH JLYHV DQRYHUYLHZDQG UHODWLYH FRPSDULVRQRI WKH
PHWKRGVGLVFXVVHGDERYH,W LVEDVHGRQFULWHULDVHOHFWHGZLWK
UHJDUG WR WKH DSSOLFDELOLW\ LQ PDQXIDFWXULQJ FRPSDQLHV
0DWHULDO DQG HQHUJ\ IORZ DQDO\VLV FDQ EH ZHOO DSSOLHG LQ
SURGXFWLRQWKURXJKLWVFOHDUPHWKRGRORJ\VXSSRUWLQJ,7WRROV
DQG WUDQVSDUHQW GHFLVLRQ VXSSRUW HJ WKURXJK 6DQNH\
YLVXDOL]DWLRQ/&$KDVDQH[WHQVLYHSHUVSHFWLYHRYHUWKHZKROH
OLIHF\FOHZKLFKLQFUHDVHVGDWDUHTXLUHPHQWVDQGHIIRUWVDVZHOO
DVH[SHUWLVHHJDOORFDWLRQLVVXHVIRUPRGHOLQJ%RWKPHWKRGV
FOHDUO\IRFXVRQPDWHULDODQGHQHUJ\,QFRQWUDVWWRWKDWYDOXH
VWUHDPPDSSLQJRULJLQDOO\IRFXVHVWLPHDQGLQYHQWRU\UHODWHG
LVVXHVDQGLVRIFRXUVHZHOODSSOLFDEOHLQSURGXFWLRQ960LV
UHODWLYHO\HDV\WRDSSO\DQGSURYLGHVVWDQGDUGL]HGYLVXDOL]DWLRQ
6RPH PHWKRGRORJLFDO TXHVWLRQV HJ PXOWLSURGXFW
HQYLURQPHQWV HQHUJ\ DQG VSHFLILFDOO\ PDWHULDO UHODWHG
FRQVLGHUDWLRQVDVZHOODV,7VXSSRUWIRUFRQWLQXRXVDSSOLFDELOLW\
DUH FKDOOHQJHV $OWRJHWKHU WKHUH LV D QHHG IRU D VHDPOHVV
LQWHJUDWLRQRIDOO WKUHHPHWKRGVZKLOHEDODQFLQJEHQHILWVDQG
GUDZEDFNV ,W VKRXOG VXSSRUW DQ LQWXLWLYH PRGHOLQJ DQG
YLVXDOL]DWLRQZLWKLQDSSURSULDWH,7WRROVDQGVKRXOGDOVRDOORZ
OLIHF\FOHRULHQWHGDQDO\VHV
7DEOH5HODWLYHFRPSDULVRQRIPHWKRGV
/HJHQG
>[@FRQVLGHUHG
>R@EHWWHUZRUVHFULWHULRQIXOILOOPHQWWKDQWKH
RWKHUPHWKRGVUHODWLYHFRPSDULVRQ M
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0DWHULDO ; ; ;
(QHUJ\ ; ; ;
7LPH   ;

'DWDUHTXLUHPHQWV R  R
0RGHOOLQJHIIRUWDQGH[SHUWLVH R  
&ODULW\DQGHDVHRIYLVXDOL]DWLRQ  R R
,7VXSSRUWIRUFRQWLQXRXVDSSOLFDELOLW\   
3URGXFWLRQFRQWH[W  R 
/LIHF\FOHSHUVSHFWLYH   
3. Methodology
)LJXUH  VKRZV WKH FRQFHSWXDO IUDPHZRUNRI WKHPHWKRG
7KHJHQHUDOSURFHGXUHLVUHODWHGWRWKHIRXUSKDVHVDVGHILQHG
LQ,62IRU/&$$VNQRZQIURP0()$IRUPRGHOLQJD
VWDQGDUGL]HGSHWULQHWEDVHGORJLFZLWKSODFHVDQGWUDQVLWLRQVLV
XVHG 7UDQVLWLRQV FDOFXODWH LQSXWV DQG RXWSXWV DFFRUGLQJ WR
FHUWDLQ UXOHV ZKLFK DUH XVXDOO\ LQVHUWHG DV XVHUGHILQHG
IXQFWLRQV %HVLGHV PDQXIDFWXULQJ SURFHVVHV DOVR WHFKQLFDO
EXLOGLQJ VHUYLFHV 7%6 HJ FRPSUHVVHG DLU JHQHUDWLRQ
KHDWLQJFRROLQJ HWF DUH FRQVLGHUHG )RU SUDFWLFDO
LPSOHPHQWDWLRQ WKH VRIWZDUH8PEHUWR ZDV XVHG ZKLFK DOVR
HDVHVHQYLURQPHQWDOLPSDFWDVVHVVPHQWWKURXJKLQWHJUDWLRQRI
(FRLQYHQWDV/&,GDWDEDVH
6LPLODU WR /&$ SURFHGXUH ZLWKLQ WKH JRDO DQG VFRSH
GHILQLWLRQWKHV\VWHPERXQGDULHVDQGWHUPVRIVSDFHDQGWLPH
DVZHOODVDIXQFWLRQDOXQLWQHHGWREHGHILQHG
7KHFRUHLGHDRIWKLVPHWKRGWKHFRQVLVWHQWLQWHJUDWLRQRI
H[WHQGHG PDWHULDO HQHUJ\ DQG WLPH VWXGLHV ZLWKLQ RQH
PRGHOLQJ IUDPHZRUN ± LV HPEHGGHG ZLWKLQ WKH LQYHQWRU\
DQDO\VLVDQGPRGHOOLQJSKDVH
7KHPDWHULDOVWXG\LVGRQHDVXVXDOLQ0()$EDVHGRQWKH
ELOORIPDWHULDOV%20RIDOOSURGXFWVZKLFKDUHLQWKHVFRSH
RIWKHDQDO\VLV
)RU WKH WLPH VWXG\ VLJQLILFDQW H[WHQVLRQV KDG WR EH GRQH
VLQFH  DV LQGLFDWHG DERYH  WLPH LV W\SLFDOO\ QRW UHDOO\
FRQVLGHUHG LQ0()$ DQG /&$ )RU H[DPSOH 8PEHUWR DV D
W\SLFDOVRIWZDUHLQWKLVILHOGGRHVQRWSURYLGHVXSSRUWIHDWXUHV
IRUWLPHUHODWHGVWXGLHVOLNHYDOXHVWUHDPPDSSLQJLQSDUWLFXODU
7KXV960IXQFWLRQDOLW\FDQRQO\EHLQFOXGHGE\DGDSWLQJWKH
DYDLODEOH IORZ IUDPHZRUN LQ DPHDQLQJIXOPDQQHU:LWKLQ D
SURGXFWLRQ SODQQLQJ DQG FRQWURO 33& PRGXOH IRU HDFK
SURGXFW WKH UHODWHG LQGLYLGXDO PDQXIDFWXULQJ SURFHVV FKDLQ
ZLWKLQYROYHGPDFKLQHVDQGUHOHYDQWPDFKLQHSDUDPHWHUVDUH
LQWHJUDWHGDQGDJJUHJDWHGWRPDFKLQHUHODWHGGDWDIRUWKHSHULRG
RILQYHVWLJDWLRQ6DQNH\GLDJUDPVFDQEHXVHGZHOOWRYLVXDOL]H
WKHILQGLQJVDQGLQOLQHZLWKPDWHULDODQGHQHUJ\VWXGLHV)RU
H[DPSOHUHJDUGLQJWKHPDFKLQHFKDUDFWHULVWLFVLWLVSRVVLEOHWR
VKRZ WKH XWLOL]DWLRQ RYHU WLPH LQ IRUP RI 6DQNH\ DUURZV DV
VKRZQLQ)LJXUH

)LJXUH&RQFHSWXDO)UDPHZRUN
)LJXUH6DQNH\YLVXDOL]DWLRQRIPDFKLQHVWDWHVDQGXWLOL]DWLRQ
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7KLV LV GRQH E\ XVLQJ SDUDPHWHUV OLNH F\FOH WLPH
FKDQJHRYHU WLPH DQG GRZQ WLPHV LQ FRPELQDWLRQ ZLWK WKH
SURGXFWLRQ GDWD DQG JHQHUDO VWDWLVWLFV OLNH RYHUDOO ZRUNLQJ
KRXUVDQGEUHDNVWRG\QDPLFDOO\FRPSXWHWKHWLPHVKDUHVIRU
SURGXFWLRQFKDQJHRYHUPDLQWHQDQFHDQGVWDQGLQJLGOH7KHVH
VKDUHVDUHPRGHOHGDVWLPHLQIORZVDQGRXWIORZVVRWKDWWKH\
FDQEHVHOHFWHGLQWKHYLVXDOL]DWLRQ2WKHUWLPHUHODWHGUHVXOWV
FDQ EH FRPSXWHG DQG YLVXDOL]HG VLPLODUO\ $QRWKHU JRRG
H[DPSOHLVWKHGLVSOD\RIWKHLQFUHDVLQJOHDGWLPHDVVKRZQLQ
)LJXUH  6LPLODU WRPDWHULDO DQG HQHUJ\ IORZV OHDG WLPH LV
GHSLFWHGDV6DQNH\GLDJUDP,QHYHU\SURFHVVVWHSWKHDYHUDJH
F\FOHWLPHDQGZDLWLQJWLPHIRUDSDUWLVDGGHGRQWRSRIWKH
OHDG WLPH RI WKH IRUHJRLQJ VWHS 7KXV WKH GLDJUDP VKRZV
GLUHFWO\KRZORQJDSDUWZRXOGWDNHIURPDQ\VWHSLQWKHSURFHVV
XQWLOLWUHDFKHVWKHHQG:KLOHWKHF\FOHWLPHLVWDNHQIURPWKH
FROOHFWHGGDWDWKHZDLWLQJWLPHLVFDOFXODWHGIURPWKHLQYHQWRU\
GDWDWKHGDLO\UXQQLQJWLPHDQGWKHF\FOHWLPHDVVXPLQJDILUVW
LQ ILUVW RXW LQYHQWRU\RUJDQL]DWLRQ),)2%\ VKRZLQJERWK
FRPSRQHQWVLQGLIIHUHQWFRORUVKLJKLQYHQWRULHVDQGEDGIORZ
EDODQFLQJFDQEHVSRWWHGZLWKRQHVLJKW
)RUWKHHQHUJ\VWXG\LWVKDOOEHSRVVLEOHWRFRQVLGHUGLIIHUHQW
HQHUJ\GHPDQGOHYHOV±HJIRUPDFKLQHSURFHVVLQJDQGLGOLQJ
± VLQFH WKLV SRWHQWLDOO\ EHDUV VLJQLILFDQW VDYLQJ SRWHQWLDOV
+RZHYHU8PEHUWR¶VEDVLFLQSXWRXWSXWWUDQVLWLRQVSHFLILFDWLRQ
DOORZV RQO\ WKH XVH RI HQHUJ\ LQWHQVLWLHV 7KHUHZLWK HQHUJ\
IORZVDUHGHWHUPLQHGWKURXJKFRHIILFLHQWV WKHUHE\ORFNLQJLQ
WKHUDWLREHWZHHQLQSXWDQGRXWSXW,IWKLVOLQHDUUHODWLRQGRHV
QRWUHSUHVHQWWKHUHDOVHWWLQJVXIILFLHQWO\XVHUIXQFWLRQVFDQEH
XVHGWRILOOWKHJDS7RGLVWLQJXLVKEHWZHHQLGOHDQGSURFHVVLQJ
HQHUJ\GHPDQGVWKHFRPELQDWLRQZLWKWLPHVWXG\YDULDEOHVLV
EHQHILFLDO$VDQHDV\H[DPSOHDJOREDOSDUDPHWHUVSHFLI\LQJ
WKH WRWDO WLPH WKH IDFWRU\ LV UXQQLQJ FDQ EH GHILQHG DQG
PXOWLSOLHGZLWKPDFKLQHVSHFLILFSDUDPHWHUVIRUXWLOL]DWLRQDQG
HQHUJ\GHPDQGUDWHIRUSURFHVVLQJLGOLQJ7KXVGHSHQGLQJRQ
DOOWLPHUHODWHGDVSHFWVDVGHVFULEHGDERYHDOVRHQHUJ\GHPDQG
FDQEHFDOFXODWHGVLJQLILFDQWO\PRUHFRUUHFWDQGYDOXHDVZHOO
DV QRQYDOXH DGGLQJ GHPDQGV FDQ EH LGHQWLILHG ,Q D VLPLODU
PDQQHU PRUH FRPSOLFDWHG IXQFWLRQV RU VXEQHWV FDQ EH
HPSOR\HGWRGHWHUPLQHWKHGHPDQGLQPRUHGHWDLO

7KHLPSDFWDVVHVVPHQWDVWKHWKLUGSKDVHRIWKHPHWKRGRORJ\
LV FDUULHG RXW WKURXJK D FRPSDQ\ VSHFLILF FRVW PRGHO
HFRQRPLFDQGWKHFRQQHFWLRQWR(FRLQYHQWGDWDEDVHIRU/&,
GDWDRQXSVWUHDPSURFHVVHVIRUPDWHULDODQGHQHUJ\JHQHUDWLRQ
HQYLURQPHQWDO%DVHGRQ/&,GDWDWKHHQYLURQPHQWDOLPSDFW
FDQEHDVXVXDOFDOFXODWHGZLWKLQGLIIHUHQWLPSDFWFDWHJRULHV
)LQDOO\ZLWKLQ WKHSKDVH LQWHUSUHWDWLRQKRW VSRWV LQ WHUPV RI
PDWHULDOHQHUJ\DQGWLPHGHPDQGDUHLGHQWLILHGDQGSRWHQWLDO
PHDVXUHVIRULPSURYHPHQWDUHGHULYHGDQGHYDOXDWHG
4. Case Study
7KH FDVH VWXG\ KDV EHHQ FRQGXFWHG LQ DQ $XVWUDOLDQ
FRPSDQ\ WKDW SURGXFHVEUHDNEORFNV DQGSDGV IRU WUDLQV DQG
RWKHUUDLOZD\YHKLFOHV,QWRWDOHYHU\\HDUDERXWGLIIHUHQW
SDUWVDUHEHLQJSURGXFHGDQGH[SRUWHGDVWKHGLIIHUHQWEUHDNLQJ
V\VWHPV XVHG LQ UDLOZD\ WUDQVSRUWDWLRQ WKURXJKRXW WKH ZRUOG
UHTXLUH GLIIHUHQW VKDSHV WKLFNQHVVHV DQG PDWHULDO
FRPSRVLWLRQV 7KH GLIIHUHQW UDZ PDWHULDOV DUH ZHLJKHG DQG
PL[HG EHIRUH EHLQJ ORRVHO\ SUHVVHG LQWR UHFWDQJXODU EORFN
FDOOHG³ELVFXLW´ELVFXLWLQJ1H[WWKHELVFXLWVDUHPROGHGLH
WKH\DUHKHDWHGXSDQGSUHVVHGLQWRVKDSH,QWKLVVWHSDVWHHO
SODWHLVDGGHGDWWKHEDFNRIWKHSDUWWRRZKLFKLVXVHGWRIDVWHQ
WKHEUHDNEORFNWRWKHWUDLQODWHURQ0DQ\RIWKHVHVWHHOEDFN
SODWHV DUH DOVR PDQXIDFWXUHG LQKRXVH LQ D VHSDUDWH DUHD
)LQDOO\ WKH PROGHG SURGXFWV DUH EDNHG LQ D FXULQJ RYHQ WR
UHDFK WKH VSHFLDO PDWHULDO FRPSRVLWLRQ QHFHVVDU\ IRU WKHLU
LQWHQGHG EUHDNLQJ IXQFWLRQ 7KH DERYH GHVFULEHG SURGXFWLRQ
SURFHVVHVDUHVXSSRUWHGE\VHYHUDOWHFKQLFDOEXLOGLQJVHUYLFHV
$PRQJ WKHVH DUH IRU H[DPSOH IRXU GLIIHUHQW GXVW FROOHFWRUV
ZKLFK DUH FRQQHFWHG WR PRVW PDFKLQHV YLD D UDPLILHG SLSH
QHWZRUN WR FOHDQ WKH DLU DQG UHF\FOH ORVW PDWHULDO 7KH GXVW
FROOHFWRUV DV ZHOO DV VHYHUDO RWKHU PDFKLQHV DOVR QHHG
FRPSUHVVHGDLUWRIXQFWLRQSURSHUO\VRWKDWDQDLUFRPSUHVVRU
DQGWKHFRUUHVSRQGLQJSLSHVKDYHEHHQLQVWDOOHGLQWKHIDFWRU\
DVZHOO)LQDOO\WKHKHDWHUVQHHGDFRROLQJV\VWHPWRIXQFWLRQ
VDIHO\$QRYHUYLHZRISURFHVVHVDQG7%6LVJLYHQLQ7DEOH
7DEOH5HVXOWVRILQYHQWRU\DQDO\VLVLQUHODWLYHYDOXHVLVPD[LPXP
SHU.3,
KPI


processes
Time
WDNWWLPH
>VHF@
Material
PDWHULDO
ORVV>WRQV@
Energy
HQHUJ\
GHPDQG
>0:K@
DYHUDJH
HTXDO
ZHLJKWLQJ
Weigh up    
Mixing    
Biscuiting    
Back plate    
Moulding    
Curing    
TBS (sum)    
 *RDODQGVFRSHGHILQLWLRQ
7KHPDLQJRDORIWKHDQDO\VLVLVWKHLQYHVWLJDWLRQRIPDWHULDO
DQGHQHUJ\HIILFLHQF\SRWHQWLDOVWKURXJKRXWWKHIDFWRU\ZKLOH
DYRLGLQJ DQ\ FRQVHTXHQFHV RQ SURGXFWLRQ SHUIRUPDQFH HJ
GHOLYHU\FDSDFLW\5HJDUGLQJ WKHVFRSH WKHVWXG\ LV IRFXVLQJ
WKHRSHUDWLRQVLQVLGHWKHIDFWRU\H[FHSWIRUWKHHQYLURQPHQWDO
VWXG\ LQ ZKLFK WKH HIIHFWV RI WKH XSVWUHDP UDZ PDWHULDO
SURGXFWLRQLQFRUSRUDWHG7KHDQDO\VLV IRFXVHVRQGDWDRIRQH
\HDU ZKLFK PHDQV RYHU  GLIIHUHQW SURGXFWV PDGH RXW RI
DERXW  GLIIHUHQW UDZ PDWHULDOV 7KH IXQFWLRQDO XQLW KDV
JHQHUDOO\EHHQFKRVHQWRNJRISURFHVVHGIULFWLRQPDWHULDODV
LWLVWKHRQO\FRQVWDQWPHDVXUHWKURXJKRXWWKHSURFHVV±WKXV
PRVWDOORFDWLRQVDQGHYDOXDWLRQVWRRNSODFHRQDPDVVEDVLV
)LJXUH6DQNH\YLVXDOL]DWLRQRIOHDGWLPHV
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 ,QYHQWRU\$QDO\VLV
)RU LQYHQWRU\ DQDO\VLV WKH QHFHVVDU\ GHWDLO GDWD IRU DOO
SURGXFWV DQG UHODWHG SURFHVVHV ZDV FROOHFWHG DQG SURFHVVHG
)RU HDFK GLPHQVLRQ D EHVW UHSUHVHQWLQJ NH\ SHUIRUPDQFH
LQGLFDWRUZDVLGHQWLILHGDQGFDOFXODWHGIRUWKHGHILQHGSHULRG
RI LQYHVWLJDWLRQ WDNW WLPH GLPHQVLRQ WLPH PDWHULDO ORVV
GLPHQVLRQPDWHULDODQGHQHUJ\GHPDQGGLPHQVLRQHQHUJ\
7KHUHVXOWVDUHVKRZQLQ7DEOHIRUUHDVRQVRIFRQILGHQWLDOLW\
MXVWLQUHODWLYHYDOXHV
7KHUHOHYDQFHRIPDFKLQHVGLIIHUVVLJQLILFDQWO\EDVHGRQWKH
.3,XVHG3ULRULWLHVIRUIXUWKHUDFWLRQVFDQEHFOHDUO\LGHQWLILHG
IURP ERWK VLQJOH SHU .3, DQGRU SURFHVV RU LQWHJUDWHG
SHUVSHFWLYH $V DQ H[DPSOH )LJXUH  VKRZV WKH 6DQNH\
GLDJUDPVZLWKLQWKHIDFWRU\OD\RXWIRUPDWHULDO$HQHUJ\%
DQG OHDG WLPH &7KHUHZLWKDOOGLPHQVLRQVFDQEHGHSLFWHG
ZLWKLQ RQH FRQVLVWHQW JUDSKLFDO IUDPHZRUN DQG VXSSRUW
GHFLVLRQV WKURXJK IXOO WUDQVSDUHQF\ RQ IDFWRU\ OHYHO 7KH
GLDJUDPV DOVR XQGHUOLQH WKH VLJQLILFDQW GLIIHUHQFHV RI IORZV
ZKLFKPLJKWDOVROHDGWRGLIIHUHQWSULRULWLHVIRUIXUWKHUDFWLRQV
 ,PSDFW$VVHVVPHQW
)RUDVVHVVLQJ WKHFXUUHQWDQGSRWHQWLDO IXWXUHVWDWHVRI WKH
PDQXIDFWXULQJV\VWHPIRXU.3,±HQHUJ\SHUSDUWUDZPDWHULDO
SHUSDUWJOREDOZDUPLQJSRWHQWLDO*:3SHUSDUWORQJHVWOHDG
WLPH  ZHUH VHOHFWHG DQG FDOFXODWHG EDVHG RQ WKH PDWHULDO
HQHUJ\ DQG WLPH QHWZRUN LQ 8PEHUWR &OLPDWH FKDQJH ZLWK
*:3DVFKDUDFWHUL]DWLRQIDFWRUZDVVHOHFWHGDVHQYLURQPHQWDO
LPSDFW FDWHJRU\ LQ WKLV FDVH )LJXUH  VKRZV WKH UHODWLYH
GLVWULEXWLRQRI*:3(QHUJ\GHPDQGLVWKHPDLQGULYHUZLWKD
VKDUHRIDERXWIROORZHGE\PDWHULDOZLWKDERXW

 ,QWHUSUHWDWLRQ
7DEOH  DOUHDG\ JDYH DQ RYHUYLHZ UHJDUGLQJ WKH PRVW
UHOHYDQW SURFHVVHV DQG D JRRG LQGLFDWLRQ UHJDUGLQJ PRVW
EHQHILFLDO GLUHFWLRQV RI LPSURYHPHQW %DVHG RQ WKRVH
SULRULWL]HG ILHOGVRIDFWLRQ7DEOH VKRZVVHOHFWHGPHDVXUHV
WKDWKDYHEHHQGHULYHGWKURXJKZRUNVKRSVZLWKLQWHUQDODQG
H[WHUQDOH[SHUWVDQGIXUWKHUWHFKQLFDODQDO\VHV
7DEOH6FHQDULRGHVFULSWLRQV
Scenario 1
%RLOHULQVXODWLRQ
%DFNSODWHLQYHQWRU\UHGXFWLRQ
5HF\FOLQJUDWHLQFUHDVH 
$XWRPDWLFVKXWGRZQVDLUFRPSUHVVRU 
5HGXFHGZDWHUFRQVXPSWLRQIRULUULJDWLRQ
Scenario 2
,PSURYHGVHWWLQJVDLUFRQGLWLRQLQJ
$XWRPDWLFVZLWFKRIIRIIDFLOLW\OLJKWLQJ
,PSURYHGPROGLQJSUHVVLQVXODWLRQGXULQJLGOHPRGH
&RQVWUXFWLRQDOPHDVXUHVWRUHGXFHGXVWFUHDWLRQ
Scenario 3
$XWRPDWLFVKXWGRZQVGXVWFROOHFWRUV
:DVWHUHGXFWLRQVWLUUXSSURGXFWLRQ
,PSURYHGSODQQLQJDQGIRUHFDVWLQJ
7KH\DUHJURXSHG LQWR WKUHHGLIIHUHQWVFHQDULRVGHSHQGLQJ
RQVDYLQJSRWHQWLDOVDQGDSSOLFDELOLW\ZKHUHDVWKRVHVFHQDULRV
EXLOGXSRQHDFKRWKHU HJ VFHQDULR LQFOXGHVPHDVXUHVRI)LJXUH6DQNH\YLVXDOL]DWLRQRIPDWHULDOHQHUJ\DQGWLPHIORZV
)LJXUH&RPSRVLWLRQRI*:3
205 Sebastian Thiede et al. /  Procedia CIRP  48 ( 2016 )  200 – 205 
ERWK RWKHU VFHQDULRV DOUHDG\ $OO PHDVXUHV ZHUH YLUWXDOO\
LPSOHPHQWHGLQWKH8PEHUWRPRGHODQGWKHUHVXOWLQJ.3,ZHUH
FDOFXODWHG)LJXUHVKRZVWKHUHODWLYHLPSURYHPHQWVZLWKWKH
FXUUHQWVWDWHJLYHQDVYDOXH,WFDQEHVWDWHGWKDWPDWHULDO
DQGHQHUJ\GHPDQGFRXOGEH VLJQLILFDQWO\ UHGXFHG7KH OHDG
WLPHZDVQRWFRPSURPLVHGEXWFRXOGEHHYHQGHFUHDVHGDVZHOO
5. Summary and Outlook
0DWHULDOHQHUJ\DQGWLPHDUHDOOVWURQJO\LQWHUDFWLQJIDFWRUV
WKDWLQIOXHQFHWKHHFRQRPLFDQGHQYLURQPHQWDOSHUIRUPDQFHRI
PDQXIDFWXULQJ FRPSDQLHV )RU GLIIHUHQW SXUSRVHV DQG
VWDNHKROGHUVPHWKRGVDQGWRROVDUHDYDLODEOHWRDGGUHVVWKRVH
REMHFWLYHVLQGLYLGXDOO\HJYDOXHVWUHDPPDSSLQJHFRQRPLF
PDWHULDO DQG HQHUJ\ IORZ DQDO\VLV DV ZHOO DV /LIH &\FOH
$VVHVVPHQW HQYLURQPHQWDO 7R HQDEOH D VLPXOWDQHRXV DQG
VHDPOHVVFRQVLGHUDWLRQDFRQVLVWHQWPRGHOOLQJIUDPHZRUNZDV
SUHVHQWHGLQWKHSDSHU%DVHGRQHVWDEOLVKHG0()$DQG/&$
SURFHGXUHV H[WHQVLRQV RQ WLPH VWXGLHV DQG PRUH UHDOLVWLF
HQHUJ\ VWXGLHV ZHUH GRQH 7KHUHZLWK VLJQLILFDQW SURJUHVV
FRXOGEHPDGHDQGDOOUHODWLRQVEHWZHHQPDWHULDOHQHUJ\DQG
WLPHDVGHSLFWHG LQ)LJXUHFDQEH WDNHQ LQWRDFFRXQW7KLV
IRVWHUV D V\VWHPDWLF LPSURYHPHQW IRFXVLQJ RQPRVW UHOHYDQW
DVSHFWV DQG DOVR DYRLGV HQYLURQPHQWDO LPSURYHPHQWV DW WKH
H[SHQVH RI HFRQRPLF GUDZEDFNV%HQHILWV DQG GUDZEDFNV RI
0()$/&$DQG960FRXOGEHEDODQFHGZLWKLQRQHDSSURDFK
:LWKRXWDTXHVWLRQDVIRUWKHRWKHUPHWKRGVGDWDDYDLODELOLW\LV
VWLOO DQ LVVXH  'XH WR XWLOL]DWLRQ RI VWDQGDUG ,7 WRROV ZLWK
LQWHUIDFHV WR /&, GDWDEDVHV H[WHUQDO RU LQWHUQDO SURFHVV
OLEUDULHV DQG SRWHQWLDOO\ FRPSDQLHV¶ ,7 V\VWHPV HQWHUSULVH
UHVRXUFHSODQQLQJ(53PDQXIDFWXULQJH[HFXWLRQV\VWHP0(6
±VWUHDPLQJRIPRVWUHFHQWGDWDWKLVLVVXHFDQEHLPSURYHGLQ
WKHIXWXUH)RUFRQVLGHULQJG\QDPLFLQWHUDFWLRQVDQGVWRFKDVWLF
QDWXUHRIPDQXIDFWXULQJV\VWHPVDFRPELQDWLRQZLWKPDWHULDO
DQG HQHUJ\ IORZ RULHQWHG VLPXODWLRQ DSSURDFKHV >@ LV
SURPLVLQJ
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